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(57) Abstract: A method for producing an oxide material having an excellent thermoelectric transducing capability in a simple 
production process. The method for producing a composite oxide single crystal is characterized in that a material mixture composed 
of a Bi-containing substance, an Sr-containing substance, a Ca-containing substance, a Co-containing substance, and a Te-containing 
substance, or a material mixture containing the above-mentioned substances and a Pb-containing substance is heat-treated below 
the melting temperatures in an oxygen-containing atmosphere. The composite oxide single crystal normally has a length of about 
1 0- 1 0,000 ]nm, a width of about 20-200 jun, a thickness of about 1 -5 ^im, and a fibrous shape like a ribbon. By the method, a composite 
oxide single crystal having an excellent thermoelectric transducing capability can be produced by heat-treating the material at a 
relatively low temperature below the melting point Therefore the heat-treatment is relatively easy and safe, and the cost is low. 



wo 03/000605 Al IliilHIIIIillillllllllllllllillillllllilll 



(57) 
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m m m 
m m ^ m 
1^ m ^ m 

m-^n^:itu<izm.'^izmm'^nx\^>^o z.cD^'Diz. ^^Am\ti^n\z^< 

x:t-;i/^-<;Dfw^f6]_L$i±;g>fcje){cti, ±m.^\zmm'^nx\,^^moL^-jv^ 
'-^mmx^^^^izT^:ihtitm^x$>^o ^<Drctb\z\tmij:^^-)v^—^mi^ 
«^x^;i.^-{c^iit-^^m^m«#^fj:#^T^So ^(Dmnmmtu. if 
— ^ y i7mM^mmhrc%(Dx$> d . mmmmm-^o^nt^xumm^'on^ t. 
xm^tm^^x:^ ^ ^xmn^n -5 j:.^-jv^-^mmx$>^ » (Dmmmmx\t. 
mnMmm<D-m^mm\z^v)^i^rc^um\zmmiy. m 
Wl) izmmvx. ^n^n<Dmmzmm^mm-r^m-fxmm.^m^n. -jgo 
mmiz»j^-mj:'E-^—^^—\f>m(D-pjmmmiit±<'^-^m^o dcofc^^nx h 
%^<. mmm\z^^isx(Dmm%m<. mmmmum^mitT^^xmmmiz 

mti^xmw^nxi^^^^^. mm^m^mm-r^rci^izu. mmn^mi&m^ 
Wb. mmM. <t^mm^^mizmnr^mmmmum^£^mttji^o m^. 
mn^m^^m^mT^mmtLx^^nx\^^^h(D\t. ^mr^it^^^xh*). ^ 
(D'^xh. mm(Du^mx$>^ e o o~ i o o 0KmM<Dum^xM^^^m^^ 

^mt^m^t. TeAsSh^^mit-^mx^^. b)0^b?^cj:;Ote>. Te^Sb 

i^m-\i^^T^^(p7umx$)K). v^^hmiti^^\^^rcfsb\z^m.^xmmx^rj: 
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^^ct^tlT^SD. Wnf^3 0 8 9 3 0 #ff^3 0 6 9 7 0 l^^tC*5l>T, 

^ m (D m ^ 
:^%m^\t. ±Mi.tm^nm\zm^xnmmn^m^rcmw:. Bi^^m. 

'^Wk^m^^'t^^<Dt.fs.^:Lt^M.m\^. ^z.\zifmm^%ii^'r^\zm'otio 

1. Bi^^(m. sr^mm. c&^^m. co^mmRxSTe^-^mfj^^u 
^mmm^m. y.u^n\z'Ph^mm^im^fz.wMm-^<i^^. mm-^mmmm.^ 

tBii 1 \z^m(D:bm. 
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3 

3 . mmmumt)^s o o - 1 o o ox:'v^^±^m i iz^mo^m-^mitm^m 

4. mnM'^mz:^n^B i^mi^. pb^wti, sr^mm. ca^y^mR 

UC o^mmom^Wl^t^. Bi:Pb:Sr:Ca:Co:Te (jtmit) = 
1. 6~2. 5:0~0. 6:1. 8~2. 5:1. 8~2. 5:2. 0:0. 

5~i. 5T^f9, mm-^n^mitmmfi^^oy^mm.m-^K bii. 5-3. iPb 

0-0. 5S ri. 3-2. 2Cao-o. sCoaOg-x (O^x^l. 0) Iri5'?)±f31i 

5. mnm-^m^z^n^B i^mm. sr^mm. ca^mm:sLzsco^m^ 

©^g-^iO-^^O^, Bi:Sr:Ca:Co:Te (TC^Jt) = 1 . 8 ~ 2 . 5:1. 
8~2. 5:1. 8-2. 5:2. 0:0. 5-1. 5'C$)V).m^-^tl^mit 
2|^#^^(Z)5pi^a^;<,t, B i 1. 9-3. 1 S r 1. 3-2. 2C ao~o. sC 02O9-X 

(o^x^i. 0) 'v$>^±sd,mi'-^3(D\,>-fnf)^zmm,<Dm'tmitm^m^(D 

6. mmm-^miz^n^B i^^m. sr^mm. ca^w^^jtr/co^w^ 

CD^g'&S!l'&/0^\ Bi:Sr:Ca:Co:Te (Thmit) = 0 . 5 - 1 . 5 : 
0. 5—1. 5 : 0. 5 — 1. 5:2. 0:0. 5 — 1. 5T£&0, ^^^n-S 
Wt^t^^fl^^<D^i^m^^^. Cai. 3-3. oS ro~o. sB i 0-0. 5C02O5-X 

vm^h<D-v$>ni-£mz^K^f^<i^mx'^. ^mmi^. mt<^. ^mt^m im 

(B i 2O3, B i 2O5) . 5gmt*:^VX (B i (NO3) 3) . ig'fbhfXVX (B 
i C 1 3) , TK^^btfX-x'X (B i (OH) 3) , T;1/3^^ v Kfk-&i|^ (B i (O 
CHs) 3, B i (OC2H5) 3. B i (OC3H7) 3^) m^m^^^^itTf}^-^^. 
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4 

S T^^mtVXitmitXhuy^^A (SrO) , m^t>^hu>^OA (S r 
C 1 2) , mm7.ha>^ryi, (SrCOa) , mWt:^hn>^ryj^ (Sr (NO 
3) 2) , T^mt^huy^^M. (S r (OH) 2) , TA:n^iy\iit'^m (S r 
(OCH3) 2, S r (OCzHs) 2, S r (OC3H7) 2#) V^-S il iJ&^'T 

5 ^, C &^mmiiVXitWt<t:fy)VzyOA (CaO) , mttDlS^^A (CaCl 
2) . mmiO}V=y^A (CaCOs) , mif;^j;i/>":7A (Ca (NO3) 2) , 7Km 
it:^)\^y^/^ (Ca (OH) 2) , y)l^zi^y\^i[:^m (Ca (OCH3) 2. C 
a (OCzHs) 2. Ca (OC3H7) 2#) m^m^^^ ^ tii^-V^. Co^^i^t 

bT«m<t:n;\';i/h (Coo, C02O3, C03O4) . liffcnAVUh (Coci 
10 2) > mm:nwih (CoCOs) . mm:n;vVh (Co (NO3) 2) , zKm-fkn 

A';n- (Co (OH) 2) , rjiu^y}iit^!^ (Co (OC3H7) 2^) m^m 

^^^^^It-fy^-n^. Te^W#Ji:bTJ«>fb7";Wl' (TeOz) . mmy^Ji'Jl (T 
e (NO3) 4) , mt^}V}V (TeCl4) > T;i'n^>' hMfc-a-tf (T e (OC 
Ha) 4. Te (OC2H5) 4, Te (OC3H7) 4^) ^^m^^^^^ izifi-V"^. 

15 vh^mmti.x\t. mim (Pbo) . mm^ (Pb (no 2) , mim 

(PbC I2) , 7i^mitm (Pb (OH) 2) . T;i/r3^S>hMb'&#» (Pb (O 

cHa) 2. Pb (0C2H5) 2, Pb (0C3H7) 2^) m^m\^^^z.izffi-v 

a^m^RZSC o^mimoym'^m^if)^. Bi:.Pb:Sr:Ca:Co:Te 
(7C?^Jt) =1. 6~2. 5:0~0. 6:1. 8~2. 5:1. 8~2. 5: 

2. 0:0. 5-1. 5x$>^m'^\zit. i^f^-^n^mitmm^B<Dw-i^m.mt. 

25 B i 1. 5-3. iPbo~o. sS ri. 3-2. aCao-o. 8Co209'-x (O^x^l. 

0) ttn^. ^<Dmrj:mnm'^mz:i3\,^x. Ph^m^^^^tjii^^m'^. m^it. 

Bi :Sr:Ca:Co:Te (TcMlt) =1. 8~2. 5:1. 8~2. 5: 
1. 8~2. 5:2. 0:0. 5~1. SX^^m^^iZlt. W-i^U^7!)i. Bi 
1. 9-3. iSri. 3-2. 2Cao~o. 8C02O9-X (O^x^l. 0) (DW.it^W- 
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5 

i :Sr:Ca:Co:Te (TuMit) = 0. 5~1. 5:0. 5~1. 5:0. 

5~i. 5:2. 0:0. 5~i. 5x-$>^m't\z.it. mi^-^n^m^tmmm^ 

<D^i^m.^^tC a 1. 3-3. oS r o~o. sB i o~o. 5C02O5-X (O^x^l. 
0) tU^o 

Bi. Pb. Sr, C om^-^ty^(Dttii^o 

^fc. mmm^n^mizit. mmm^m-^v. m^rjimmz^mTnuj^\^^ 

X$>^o 

mMmumiz^^^x\t. mmmm(DmM.^ym^umx&^x. mmmm^ 
•^n^u&tttwt^K . m'^it. 8 0 o~i 0 0 or^mtftit^.^vio mM 

'^xmmmt^m'^izit. MAtd!, wtmm&s o om i x^mm&.'r<Dmm^m, 
^mm-t^ct-fy^x^^o mmmm(Dmmmmiz^fom^n^w.'^m<t!^(D^m 

m\^-^^$>^o mo. m'^mtmz:^i-f^^mmmm<Dm[:\^m^wmz±^fj:m 

^m^mm-r^zLh-^^x^^o 
mmmmmiz-o\,^x\tmzmmtt£< . mmtT^mf^^(D^wt0mmizjt-c 
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6 

fzWi. mmm^n'Dxu^t-r^m'^mt^^mf^-r^:ittm^[^\^^o um^k 
mz-^^^xit. mwmmizmi^xm'sL^&mt^kM^. m^it. eoo-so 
0 x:mmx 5 ~ 2 0 mmm^mm-rnu^i^^o 

^tmi}^^mm^^B^}^-m'^it^:^mibm^nxi^^itA mmm. jpn. j.appi. 

Phys. Vol. 39 (2000). pp. 1127-1 129) , 2^^aj;^^«, mMl^m^Tm^M. 

mxmmmt^Tznx^mm^n^ z. iit^i^^^ox. m^m^mfi^itm^m^ 

mmm^^mz^ri^t:,V)^i%:^i)t^ il^, fi^lO-lOOOOMmM, <li 2 
0 ~ 2 0 0 uroM^. 1 ~ 5 Mm^^OU 3i^>J^t»tcDiig|fe4fe©1i'&i?it:#|# 

mmmi2xn^nr:Lm^mim(Dyiumm^^^ (fti^b) ^^-r. 

^i^m.^ti^. B i 1. 5-3. iPbo~o. sS r 1. 3-2. 2Cao~o. s 

co2O9-x(0^x^i. 0) (om-^mitmyt. co(omm^/sm(DmmiflA 

ni^m^\^tc.m-m^^ti^^(D—m^^m'r^^o\zmmzruffi^r^co0 2mh. 

MO-M' O-M' O-MO (M^*S r X«C aTa^t), M' «B i X«P b T^) 
^) 0|lIST«^a;^cJ:>Dfe^^ (NaCl) ^tit^^Wf^S t5&« c -|ft^fRl(C3^S 
^SLj^^jt^^-r^feOT^O, ¥±^«afiK;^>«C ai. 3-3. oS r o~o. sB i 0 

~o. 5C02O5-X (o^x^i. 0) (Dm.'^m.itmt. co(Dmm^/\mo:>m. 
mt^/\mwmiLVfcmtL^'^f)^^(D-m^^m-r^i:.'D\zmmzm^^rcc o o 
2miz. M"o-coo-M"o (M"«ca, srx«Bi) mrr^m^nu 
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ofc^i^ (Naci) mm^m-r^mtf)^c-m-:^^iz^Kmmhrcmm^^-ir 
^fcnx% mnrcimmmm^m^mr^m^mmmm^^mTtt^ z. t7()ix^ 

-So 

mmx^^o m2\ts :^mm-^mizjz^x%^n^^'^m<m(Dm^mm^^'r 
m^mx^^o msu. mmmixmi^nrzm'^mimm^^o^^mm^mm 
m (SEM) ^Mx^^o mA\-x. mkmixm^ntzm.'^mimM-i^^(D'\i.- 
Cf%Wi<Dum^m^^7^^!f'^yx$>:h. ms\%. mmmix%ibntc^^ 
mim^m^(Dnm.mim<Dum^^^^^-r^'7yx^:^o 

Mmm^mixif%m^^\zmm\zmmr^o 
mmm 1 

B i j!li:bTi?{bfc:XVX (B i 2O3) . S r mt.\^xmk7.hu>^ry 
(SrCOs) , C amt.l.xmMti)V'yOJ^ (CaCOs) , CoMtbTif'fb 
(C03O4) 'BlXST emLVXm\:'r)V)V (TeOz) ^ffll^i, z.n^ 
om."^^. Bi :Sr :Ca:Co:Te (M-?Jt) =2:2:2:2:0. 5 

'^^^x\ mmm^mwvmf£^]^L'rcm. m0zmi^^^m,^x8 4ox:x2o 
mmm^i^x^^^mom^i^^mrco z<Dm^m^mmm.m^ cisomi/ 
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izmmt^h(D'^$>^o 

^fe, xmmm (xrd) Azs^iixm^^^^ (edx) iz^-^x'^^'bnrcm-^ 

mit^^mmvrctll^. B i 2. iS r 2Cao. 3C02O8. y-rab 

^^^tift^^mtm^^^iz-^iy^x. 1 0 0-9 7 5K mMum) iz^i-f^ 

^—^y^mm. (s) (Dum^^'\i^^-r'^^y^m4\z^To 04/^^^.. ckt) 

moumikWii'^mib^ti. 200 Ke;i±<Diasx 1 0 0 tivXK^±m^'^— 
mmm 2-25 

't^^tizjz'DX. mmi^mmizm^m^tm(Dmm^^^^^^rz. 

ct:-5(CjBt^fcJS::^«xpfeCo OaPt. MO-M' O-M' O-MO (M«SrX« 

caT^D. M' i x«p b Tab's) omxm^mt^-Drcmm. (Nacn 
mm^m-r^mii^^c -m:^miz^is:mmvrcmm^m'r^hh(Dx$>v , mm 
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5 ~ 2 5 (Dm^^mimm^mt, c o (Dmm^:^m(Dmm7()t/\mi^miiLi^rc 

#^a*&i^;&t^(D-5a&^^T^J:3lc®;|^(c;^:*^ofeC oOaMt, M"o-c 
oO-M"0 (M"^lCa, SrX«Bi) mMX^m^MU-DTcmm. (N a C 

5 mmm2'^2 5-v\t. mmtvx&.-f(Di\:^m^m\^^rco 



B im 


-i^^bifx^:^ (B i 2O3) 


P bM 


-mm (p bo) 


S tM 


hD>5^«>A (SrCOa) 


C aM 


•••j^if:^;!/^"^^ (CaCOa) 


Com 


•••li!{k:3A';i/h (C03O4) 




•••i?'ft;5^;WI/ (TeOz) 
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10 



15 



20 



25 



30 



35 



40 



45 



No. 


Bi:Pb:Sr:Ca:Co:Te 


m • mm 


Bi:Pb:Sr:Ca:Co:0 


if— 
uYK'' 


mSi cm 


1 


2.0:0:2.0:2.0:2.0:0.5 


920 x: 
looi^ra 

150 ml 


2.1 : 0 : 2.0 : 0.3 : 2.0 : 8.7 


220 


3.1 


2 


2.0:0:2.0:2.0:2.0:1.0 


880 t: 

300 mm 

150 ml 


2.2 : 0 : 2.1 : 0.2 : 2.0 : 8.6 


195 


2.8 


3 


2.0:0:2.0:2.0:2.0:1.5 


940 t: 

60 mr^'i 

300 ml 


2.1 : 0 : 2.1 : 0.1 : 2.0 : 9.0 


180 


3.0 


4 


1.8:0:1.8:1.8:2.0:0.5 


920 "C 

100 mm 

150 ml 


2.0 : 0 : 1.9 : 0.2 : 2.0 : 8.8 


185 


2.9 


5 


1.8:0:1.8:1.8:2.0:1.0 


940*0 

300 mm 

300 ml 


2.0 : 0 : 2.0 : 0.1 : 2.0 : 8.9 


190 


3.2 


6 


1.8:0:1.8:1.8:2.0:1.5 


940 t: 
300P#ra 
0 ml 


2.1 : 0 : 2.2 : 0.1 : 2.0 : 8.5 


190 


3.2 


7 


2.5:0:2.5:2.5:2.0:0.5 


860 "C 

300 mm 

150 mi 


2.4 : 0 : 2.3 : 0.5 : 2.0 : 8.8 


185 


2.5 


8 


2.5:0:2.5:2.5:2.0:1,0 


880 t: 
SOOBtP^I 
150 ml 


2.3 : 0 : 2.2 : 0.3 : 2,0 : 8.6 


210 


3.2 


9 


2.5:0:2.5:2.5:2.0:1.5 


900 t: 

300 mm 

150 ml 


2.3 : 0 : 2.3 : 0.3 : 2.0 : 8.7 


200 


3.0 


10 


2.0:0:1.8:1.8:2.0:0.5 


880*0 

100 mm 

150 ml 


2.0 : 0 : 1.9 : 0.2 : 2.0 : 8.9 


180 


3.4 


11 


1.8:0:2.0:1.8:2.0:0.5 


940*0 
3001^^1 
300 ml 


2.0 : 0 : 2.0 : 0.3 : 2.0 : 8.9 


170 


2,6 


12 


1.6:0.6:2.0:1.8:2.0:0.5 


880 *C 
100 

150 ml 


1.5 : 0.5 : 2.0 : 0.2 : 2.0 : 8.7 


220 


2.4 


13 


1.8:0.2:2.0:1.8:2.0:0.5 


880 *C 

100 mm 

150 ml 


1.8 : 0.1 : 2.1 : 0.3 : 2.0 : 8.9 


240 


2.5 


14 


1.8:0.6:2.0:1.8:2.0:0.5 


880*0 

100 mm 

150 ml 


1.8 : 0.3 : 1.9 : 0.2 : 2.0 : 9.0 


250 


2.4 



50 
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No. 


iff <^rt » I>r 

Bi:Sr:Ca:Co:Te 


-♦-L i^n N.r-t 

^ • Bt^ 


Ca:Sr:Bi:Co:0 




mQ cm 


15 


1,0:1.0:1.0:2.0:0.5 


900*0 
100 

150 ml 


1.7 : 0.2 : 0.2 : 2.0 : 4.8 


200 


1.3 


16 


1.0:1.0:1,0:2.0:1.0 


880 t: 

300 mm 

150 ml 


1.6 : 0.3 : 0.3 : 2.0 : 4.7 


190 


1.4 


17 


1.0:1.0:1.0:2.0:1.5 


920*0 

60 mm 

300 ml 


1.4 : 0,2 : 0,2 : 2.0 : 4,9 


185 


1.2 


18 


0.5:0.5:0.5:2.0:0.5 


900*0 

100 mm 

150 ml 


1.4 : 0,3 : 0.4 : 2.0 : 4.9 


175 


1.6 


19 


0.5:0.5:0.5:2.0:1.0 


920*0 

300 mm 

300 ml 


1.4 : 0.4 : 0.3 : 2.0 : 4.8 


190 


1.8 


20 


0.5:0.5:0.5:2.0:1.5 


940*0 
300l«#Rg 
0 ml 


1.4 : 0.3 : 0.3 : 2.0 : 4.5 


180 


2.0 


21 


1.5:1.5:1.5:2.0:0.5 


860*0 

300 mm 

150 ml 


1.7 : 0.4 : 0.3 : 2.0 : 4.7 


170 


1.7 


22 


1.5:1.5:1.5:2.0:1.0 


880*0 
300 Bt^ 
150 ml 


1.6 : 0.5 : 0.3 : 2.0 : 4.8 


185 


2.0 


23 


1.5:1.5:1.5:2.0:1.5 


880*0 

300 mm 

150 ml 


1.7 : 0.4 : 0.2 : 2.0 : 4.7 


200 


1,5 


24 


1.0:0.5:0.5:2.0:0.5 


860*0 
100 Pt^ 
150 ml 


1.4 : 0.6 : 0.3 : 2.0 : 4.8 


190 


1.8 


25 


0.5:1.0:0.5:2.0:0.5 


920*0 

300 mm 

300 ml 


13 : 0.4 : 0.3 : 2.0 : 4.9 


170 


1.4 
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